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VIDE;O-RO~~CXRAPHIC STUDY OF THE HEART AND LUNGS DURING EXPOS@E TO FORWARD 
f 

Apparently the only patho-physiologic e f f e c t s  of forward (+Gx) acce le r -  

a t i o n  which pose a p r a c t i c a l l y  se r ious  t h r e a t  t o  the  func t iona l  i n t e g r i t y  

of a s t ronau t s  during the  launch and re-entry phases of space f l i g h t  arise 

from the  l a rge  hydros t a t i c  pressure imbalances which develop i n  the  lungs 

and thorax. 

These pressure imbalances occur i n  super ior  and dependent regions i n  

he thorax a t  the  i n t e r f a c e  ( the  a lveo la r  membrane) between the  a lveolar -  

racheal-bronchial  t r e e  (whose conten ts  ( a i r >  have a s p e c i f i c  grav i ty  of 

p r a c t i c a l l y  zero) and the pulmonary vascular  tree (whose contents  (blood) 
i 

bave a s p e c i f i c  g rav i ty  of about one). 

g rav i ty ,  the  usua l  hydros t a t i c  pressure d i f f e rences  which e x i s t  a t  t he  

compartment i n t e r f a c e s  i n  superior  and dependent regions of t h e  lungs a t  

1 G  a r e  mult ipl ied during exposure to  acce le ra t ion  i n  d i r e c t  proport ion 

t o  the G l e v e l  involved. 

Due t o  t h i s  d i f f e r e n c e  i n  s p e c i f i c  
, 

Pressure imbalances also develop i n  the  p o t e n t i a l  i n t r a p l e u r a l  space 

nhich c o n s t i t u t e s  the i n t e r f a c e  between the  r e l a t i v e l y  r i g i d  ches t  w a l l  

bnd the v isco-e las t ic  lung parenchyma which conta ins  these  two compart- 
! 

bents of widely d i f f e r e n t  dens i t i e s .  

(air and blood, respec t ive ly)  of t hese  compartments to r e d i s t r i b u t e  i n  

response t o  hydros t a t i c  imbalances produced by the changes i n  weight as- 

soc ia t ed  w i t h  acce l e ra t ion  is r e l a t i v e l y  u n r e s t r i c t e d  and hence r e s u l t s  

i n  s t r e s s e s  on the  lung parenchyma i n  proportion t o  the  l e v e l  of ac- 

ce l e ra t ion .  These stresses caused by acce le ra t ion  have been demonstrated 

The tendency of t he  f l u i d  conten ts  
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t o  be c a p a b l e  of caus inq  p h y s i c a l  d i s r u p t i o n  o f  l u n g  s t r u c t u r e s  of p r i m a t e s  

i n c l u d i n g  man. 

- in cis as^ ii' 1%- ---:-I-& -r L L ^  &,---I 

i n  r e l a t i o n  t o  the a i r  c o n t a i n i n g  a l v e o l i  r e s u l t s  i n  t h e  c o l l a p s e  cf t h e s e  

s t r u c t u r e s  i n  the dependent  p o r t i o n s  of the lungs and the i r  over  d i s t e n t i o n  

s u p e r i o r l y .  Seve re  d i s t u r b a n c e s  i n  v e n t i l a t i o n - p e r f u s i o n  r a t i o s  d e v e l o p  

i n  t h e s e  r e g i o n s  of the l u n g s  w i t h  absence  of v e n t i l a t i o n  i n f e r i o r l y  so 

t h a t  a pulmonary a r t e r i a l - v e n o u s  shunt  deve lops .  This shun t  i s  a p p a r e n t l y  

r e s p o n s i b l e  f o r  the s e v e r e  d e c r e a s e s  i n  oxygen s a t u r a t i o n  of s y s t e m i c  

a r t e r i a l  blood which have beer! observed unee r  these c i r c u m s t a n c e s .  

rurtiieriiieie, t he  dispropai t io l ia t t=  . L l J C  W C L ~ L l c  UJ. L A I C  LJJ.uuu 

This p r o j e c t  is a p o r t i o n  of a c o a t i n u i n - .  program t o  e l u c i d a t e  t h e  

mechanisms of these  e f f e c t s  and i€ p o s s i b l e  t o  d e v e l o p  t e c h n i c s  t o  mini- 

mize them. 

The roen tgenograph ic  a p p a r a t u s  which was i n s t a l l e d  i n  t h e  s p e c i a l  

c e n t r i f u g e  c o c k p i t  i n  March 1964 i n  a d d i t i o n  t o  p r o v i d i n ?  dvnarnic v ideo-  

t a p e  r e c o r d i n g s  of  c h a n ~ e s  i n  p o s i t i o n  of t h o r a c i c  s t r u s t u r e s  znd pulw-  

nary  c i r c u l a t i o n  d u r i n g  a c c e l e r a t i o n ,  a l s o  makes  p o s s i b l e  t h e  t a k i n g  of 

b i p l a n e  roentgenograms of t h e  thorax.  

- -  

F i g u r e  1 Roentgenogrzms of t h e  tho rax  of a dog supcorted i n  t h e  
s i ip ine  p o s i t i o n  i n  a nolded ha l f -body c a s t  in t h e  c e n t r i -  
fuge  c o c k p i t  when a t  1G ( l e f t  p a n e l )  and d u r i n g  exposure  
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t o  7G ( r i g h t  -panel). These l a t e r a l  projections of the 
thorax i n  con junct ion with a concomitant an te r io r -pos t e r io r  
pro jec t ion  a r e  used t o  measure the  exact  pos i t i ons  of t h e  
respec t ive  c a t h e t e r  t i p s  i n  the  thorax. The crossed l i n e s  
which a r e  s i l h o u e t t e s  of s t e e l  wires on the  f i l m  c a s s e t t e  
sur face ,  juxtaposed t o  the dog's l e f t  s i d e ,  a r e  used a s  
reference poin ts  f o r  these measurements, the  ho r i zon ta l  
l i n e  having been s e t  a t  t h e  mid-lung coronal plane. M1 
and M;! i nd ica t e  t h e  menisci of Ringer 's  f l u i d  contained 
i n  t h i s t l e  tubes connected i n  p a r a l l e l  and juxtaposed to 
t h e  l e f t  and r i g h t  s i d e  of the  dog, r e spec t ive ly ,  This 
hydros t a t i c  system is used t o  e s t a b l i s h  the  zero  re ference  
l e v e l  of the  various manometer-catheter systems by record- 
ing  t h i s  zero  reference pressure when the system is opened 
t o  the  manometers both a t  1 G  and dur ing  r o t a t i o n  of the 
cent r i fuge .  The divergence of the  menisci above and below 
the  mid-lung reference l i n e  a t  7 G  i n d i c a t e s  t h a t  the  angle 
of tilt of t he  cockpit  from the  v e r t i c a l  of 79 degrees  
during t h i s  exposure was s l i g h t l y  divergent  (-3 degrees)  
from t h e  r e s u l t a n t  vector of g r a v i t a t i o n a l  and c e n t r i p e t a l  
fo rces .  The arrows a r e  lead s t r i p s  which mark the  point  
of i n s e r t i o n  through t h e  sk in  of each p l eu ra l  c a t h e t e r .  
V P1, D P1, R P1  and L P 1  i n d i c a t e  the  s h a f t s  of c a t h e t e r s  
i n se r t ed  i n t o  the po ten t i a l  i n t r a p l e u r a l  space so  t h a t  
t h e i r  t i p s  res ted  on ven t ra l ,  d o r s a l ,  r i g h t  and l e f t  sur -  
f a c e s  of the lungs,  respect ively.  RA, IA, PA, Ao and Eso 
i n d i c a t e  c a t h e t e r s  w i t h  t h e i r  t i p s  i n  the  r i g h t  and l e f t  
a t r i a ,  pulmonary a r t e r y ,  a o r t a  and esophagus, respec t ive ly .  
P e r i  i n d i c a t e s  a ca the te r  inser ted  percutaneously i n t o  the  
po ten t i a l  i n t r a p e r i c a r d i a l  space v i a  a sup ras t e rna l  ap- 
proach. The ca the te r  RV whose t i p  was meant t o  be i n  the 
r i g h t  ven t r i cu la r  outflow t r a c t  had inadver ten t ly  advanced 
i n t o  the pulmonary a r t e ry  when these  roentgenograms were 
taken. Both f i l m s  were exposed during exp i r a t ion .  A t  
7 G  note: (1) the  cephalad displacement of the  diaphragm, 
( 2 )  the  downward (dorsal)  displacement of t h e  h e a r t ,  (3) 
t h e  increased radio-lucency of the v e n t r a l  por t ion  of the  
thorax presumably due t o  overd is ten t ion  of the  a l v e o l i  and 
displacement of blood t o  the  dependent regions of the  lungs,  
(4) severa l  of the  ca the te r  t i p s  a r e  d i s p l a c e  d o r s a l l y  by 
more than 2 cent imeters  during the exposure t o  7G, although 
the displacement of the  ven t r a l  sur face  of t he  thorax of 
l e s s  than 0.5 centimeter is r e l a t i v e l y  s l i g h t .  If the s h i f t s  
i n  ca the t e r  t i p  pos i t ions  during the  exposure were not cor- 
rec ted ,  the  e r r o r  i n  the pressures  measured a t  these  cath- 
e t e r  t i p s  would be more than 14 cm. of water.  ?he s ix  lead 
markers mounted on each t h i s t l e  tube a r e  1 cent imeter  a p a r t  
and those on the  esophageal c a t h e t e r s  2 cent imeters .  



the  prone p o s i t i o n  (as  i l l u s t r a t e d )  o r ,  by r o t a t i n g  t h e  
ca s t  SO as t o  res t  on t h e  a p p r o p r i a t e  s u r f a c e s  of i t s  
s u p p o r t s ,  s t u d i e s  can be made i n t e r c h a n g e a b l y  i n  t h e  
D r o n e ,  i c i r  d e c u b i t u s  or s u p i n e  Dociy p o s i t i o n s .  
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For s t u d i e s  i n  s u p i n e ,  l e f t  l a t e r a l  and prone body p o s i t i o n s ,  t he  c a s t  

can s imply  be t u r n e d  s o  as t o  rest on  t h e  a p p r o p r i a t e  s u r f a c e r  of t h e  

s u p p o r t s .  C a t h e t e r s  were in t roduced  from w i d e l y  d i f f e r e n t  s i t e s  on t h e  

s k i n  and advanced t o  v e n t r a l  and dorsal  p l e u r a l  s i t e s  a t  h e a r t  l e v e l .  

Since f l u i d - f i l l e d  sys t ems  were used ,  c o r r e c t i o n  of measured 

p r e s s u r e s  f o r  the h y d r o s t a t i c  column s e p a r a t i n g  t h e  z e r o  r e f e r e n c e  

plane from the c a t h e t e r  t i p  i s  necessa ry  t o  o b t a i n  p r e s s u r e s  a t  t h e  

c a t h e t e r  t i p .  This  was done by means of b i p l a n e  x-rays t a k e n  a f t e r  

each  change in P o s i t i o n ,  as shown i n  F i g u r e  4 .  

CALCULATION OF VERTICAL DISTANCE OF CATHETER TIP 
FROM MID-TffORAClC PLANE BY SJPLANE X-RAYS 
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F i g u r e  4 I l l u s t r a t i o n  of method used  t o  d e t e r m i n e  t h e  p o s i t i o n  of a 
c a t h e t e r  t i p  (C) i n  t h e  t h o r a x  by means of b i p l a n e  roen tgeno-  
grams. ( Y >  is the  d i s t a n c e  of t h e  c a t h e t e r  t i p  f r o m  t he  mid- 
thoracic coronal plane and (X) is  t h e  d i s t a n c e  from the  m i d -  
s a g i t t a l  p l a n e .  



analog-to-digi ta l  conversion system for  prepara t ion  of tapes f o r  ana lys i s  

by the  IBM 1620 d i g i t a l  computer is scheduled f o r  completion by November 1, 

1964. 

The design spec i f i ca t ions  for changing the  power source of the  Mayo 

Centrifuge t o  provide 1 0 G  capabi l i ty  and t o  a l t e r  the cockpi t  t o  provide 

p o s i t i v e  con t ro l  of its angle of t i l t  inc luding  s inusoida l  o s c i l l a t i o n  

through an angle of plus  t o  minus 60 degrees  from the  r e s u l t a n t  has  been 

completed. A request  for support  for these  a l t e r a t i o n s  so as t o  allow 

study of t he  e f f e c t s  of acce lera t ive  loads conparable t o  those which 

could be encountered during the  re-entry phases of space f l i g h t ,  is i n  

preparat ion.  

E a r l  H. Wood, M.D. 
September 21, 1964 


